The results of several recent CMS searches for exotic phenomena beyond the Standard Model are presented in this talk. Two searches look for new physics in a final state with a vector boson and missing transverse energy. Three searches target massive resonances decaying to a Higgs boson and a vector boson. Finally, preliminary results are presented for the first CMS search for exotic phenomena using √ s = 13 TeV data, the search for dijet resonances.
Introduction
There are many important questions that are not answered by the Standard Model, including the nature of dark matter and an explanation for what stabilizes the Higgs mass against large quantum corrections (the hierarchy problem). The CMS experiment [1] at the LHC conducts a broad search program for exotic phenomena beyond the Standard Model that could resolve some of these unanswered questions [2] .
This talk presents the results of several recent searches for exotica phenomena, based on three signatures: a vector boson plus missing transverse energy, a massive resonance decaying to a Higgs boson and a vector boson, and a massive resonance decaying to a pair of jets. The searches were conducted using the √ s = 8 TeV data collected in 2012, with the exception of the dijet resonance search, which has been performed with the √ s = 13 TeV data recorded in 2015.
V + E miss T
If dark matter were to be produced at the LHC, it may be identified by events with a large imbalance in momentum in the transverse plane, produced by the recoil of Standard Model particles against undetected dark matter particles. The missing transverse energy E miss T is defined as the negative vector sum of the transverse momenta of all identified physics objects in an event. Dark matter searches may look for large E miss T in conjunction with a high-momentum jet, photon, t-quark, or other Standard Model objects. Two recent CMS searches pursue new physics that produces events with large E miss T and a W or Z vector boson.
W/Z(jets) + E miss T
A search for events with large E miss T and a W or Z vector boson that decays to jets [3] divides events among three categories based on the topology of jets. In the boosted V-tagged category, the vector boson V = W,Z produces a single fat jet, which is identified based on the jet mass and N-subjettiness, a measure of the number of subjets in a given jet. The resolved V-tagged category is defined as a boson that decays to two jets, which is identified as a W or Z based on a multivariate analyzer. Finally, events that are not included in either of the V-tagged categories are placed into the monojet category.
The background shapes and normalization for this search are taken from data control regions. For each of the three categories, a fit is performed to the E miss T distribution. The data are found to be consistent with the predicted Standard Model background, as shown for the boosted V-tagged category in Figure 1 .
An upper limit of 53% is placed on the branching fraction of Higgs boson decays to invisible particles. Limits are calculated for spin-dependent and spin-independent dark matter-nucleon scattering cross sections, for low-and high-mass mediators and compared with direct detection bounds. Exclusion limits in terms of the mediator mass and dark matter mass are placed on simplified models with vector, axial-vector, scalar, and pseudo scalar mediators. The exclusion for a vector mediator is shown in Figure 1 . 
Z → + E miss T
A related search selects events with large E miss T and a Z boson decaying to a pair of electrons or muons [4] . By triggering on leptons, this analysis is able to select events with high efficiency for a lower E miss T threshold, 80 GeV, than in the monojet search, which requires E miss T > 250 GeV. Two well-identified, isolated leptons of opposite sign and same flavor are required to have an invariant mass within 10 GeV of the Z mass. A shape-based fit is performed to the distribution of the transverse mass m T . The data are consistent with the background expectation, as shown for the dimuon channel in Figure 2 .
Limits are placed on the dark matter-nucleon scattering cross section for spindependent scenarios, as shown in Figure 2 , and for spin-independent scenarios. Limits are also set on the dark matter annihilation rate and on the effective coupling cut-off scale Λ. The most stringent limits on the scalar unparticle model parameters λ and Λ U are obtained. 
X → H V
Three recent searches look for a heavy resonance that decays to a Higgs boson and a vector boson V, either a W or Z. Higgs decays to τ τ , bb, and WW are covered by these searches. If the new resonance is massive, the H and V are boosted, and each may be reconstructed as a single merged jet. The jets are identified based on quantities that characterize their substructure, such as the pruned jet mass. The signal would appear as a peak in the distribution of the HV invariant mass.
X → H(τ τ ) + Z
A search has been performed for a heavy resonance decaying to a Higgs boson in the τ τ decay mode and a Z boson that decays hadronically [5] . There are six channels analyzed to cover all e, µ, and hadronic τ decay modes. In all channels, the signal region is defined by a pruned jet mass between 70-110 GeV and τ 21 < 0.75, where τ 21 is the ratio of 2-subjettiness to 1-subjettiness. The preselection cuts vary by channel, to cope with different backgrounds. In the τ e τ e , τ µ τ µ , and τ e τ µ channels, the dominant background is from Z(τ τ ) + jets events. In the τ e τ h and τ µ τ h channels, the major backgrounds arise from Z + jets, W + jets, and tt events. The τ h τ h channel faces backgrounds principally from QCD multijets events.
In the six τ τ decay channels and seven bins of the HZ invariant mass, the observation is compared with the expected background. The HZ invariant mass distribution for the τ µ τ h channel is shown in Figure 3 . The backgrounds are estimated by extrapolating from sideband regions, using different techniques for the all-leptonic, semileptonic, and hadronic decay channels. There are 0-13 observed events in each bin, and there are no significant deviations from the expected yield. Limits at 95% confidence of 0.9-27.8 fb are placed on the Z' cross section times branching fraction for 0.8 < m(HZ) < 2.5 TeV, as shown in Figure 3 .
[GeV] istributions of m ZH for the semileptonic channels along with the correations for signal and background, as well as background estimation de-) t e t h category; (right) t µ t h category. Ten equal-size histogram bins cover 2.5 TeV, while a single bin is used at higher m ZH because of the limited ata events. The signal cross section is scaled by a factor of 5. 
Summary
A search for a highly massive ( 0.8 TeV) and narrow resonance decaying to Z and H boso that decay in turn to merged dijet and t + t final states has been conducted with data sampl collected in 8 TeV proton-proton collisions by the CMS experiment in 2012. For a high-ma resonance decaying to much lighter Z and H bosons, the final state particles must be detect 
X → H(bb) + W( ν)
A search has been performed for a heavy resonance decaying to a Higgs boson in the bb final state and a W boson that decays leptonically [6] . The electron and muon channels are considered. The H(bb) is reconstructed from a single CA8 jet, with pruned jet mass of 110-135 GeV. A dedicated b-tagging technique is applied for the boosted H in which the jet is split into two subjets. The dominant backgrounds in this search arise from W+jets and tt events.
The HW invariant mass distribution in data is compared with the prediction from data control regions, as shown for the electron channel in Figure 4 . Three events are observed in the electron channel with HW invariant mass between 1.8 and 1.9 TeV, corresponding to a 2.9 σ local significance. Limits are placed on the W' cross section times branching ratio, as shown in Figure 4 . These limits exclude a W' with mass less than 1.4 TeV in the Little Higgs model and with mass less than 1.5 TeV in the Heavy Vector Triplet model.
X → H(WW,bb) + W/Z
A search has been performed for a resonance decaying to a Higgs in the WW and bb channels and a W or Z that decays hadronically [7] . Boson jets are identified based on the pruned jet mass, dedicated subjet b-tagging, and N-subjettiness. There are t-mass data event is from the electron category and it has m WH ⇡ 1.9 TeV. the predicted background in the muon channel agree with each other. l an excess of 3 events are observed with m WH > 1.8 TeV, where less pected, while in the muon channel no events with m WH > 1.8 TeV are ed pseudo-rapidity values of the CA8 jet in the 3 electron channel events 0.44, 0.84, 1.87, while for a W 0 resonance less than 2% of the events are udo-rapidity above 1.8. The significance of this excess is discussed after ystematic uncertainties. he signal mass distribution structed signal mass distribution is extracted from the signal MC samsis of the m WH spectrum, the discovery potential and exclusion power urate description of the signal shape. We adopt an analytical description oosing a double-sided Crystal-Ball (CB) function (i.e. a Gaussian core n both sides) [55] to describe the CMS detector resolution. To take into tween muon and electron p T resolutions at high p T , the signal mass dised separately for events with electrons and muons. The typical width of out 4%-6% . model and the HVT scenario B multiplied by its branching fraction for the relevant p overlaid. 
Dijet resonances
A search for exotic resonances that decay to pairs of jets has been conducted with 42 pb −1 of proton-proton collisions collected at √ s = 13 TeV [8] . Such a resonance could be identified as a bump in the dijet invariant mass distribution. Events are collected with a trigger that requires the scalar sum of jet transverse momentum to be greater than 800 GeV. Jets are formed from Particle Flow candidates (charged/neutral hadrons, muons, electrons, and photons), and are clustered using an anti-kT algorithm with distance parameter 0.4. The jet momenta are corrected using calibration constants derived from simulations. The two leading jets must pass various identification criteria. "Wide jets" are reconstructed by adding jets within ∆R < 1.1, starting with the two leading jets as seeds. Various cross checks of basic jet and event quantities have been performed to ensure that good dijet events are selected.
A maximum likelihood fit is performed to the dijet mass distribution, using a 
Conclusion
Searches for new physics in the V+E miss T final state have set new limits on dark matternucleon scattering cross sections. Searches for X→HV have set lower limits on W', Z', and degenerate V' masses. A search for dijet resonances has found the early Run 2 data to be well-described by a background-only parameterization function. CMS is poised to explore the new regime of √ s = 13 TeV proton-proton collisions with a broad program of searches for exotic signatures of new physics.
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